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Abstract: Multi-storey building for the commercial complexes is major requirement for the current scenario. For this large span 
and free space is required as per the need of the users. Due to this, these structures become challenges for structural engineer 
because large obstacle free space means less columns and greater spans which can result in a catastrophe. For this problem, a 
widely accepted concept has been introduced in the form of flat slab structures or beam less structures. To provide extra support 
column heads are introduced. Structural behaviour of these structures become complex under dynamic earthquake loading. 
Stability of this type of structure under such lateral loading must be checked before designing and construction of the building. 
In this articles deals with the different flat slab structures i.e. Flat slab structures with drop panels and without perimeter beams, 
Flat slab structures with drop panels and with perimeter beams uses fast non-linear time history analysis method. For this a 
regular commercial building having G+8 (32 m) is taken. Storey with a plan area 37.5 m x 37.5 m. is untaken for analysis in 
CSI-ETABSvr.2016 Software. The commercial building under taken in the earthquake Zone - IV for the city Rajkot in Gujarat. 
The non-linear dynamic analysis i.e. Time History approach used of Seismic response of the building. From the results it can be 
concluded that model 2 flat slab with perimeter used as optimized structure in the lateral stability under earthquake response.  
Keywords: Flat Slab, CSI-ETABS, Drop panels, Perimeter Beams, Time History Approach 

I. INTRODUCTION 
In the recent era of industrialization commercial structures have become the backbone of market. These structures must be aesthetic 
appealing and must provide larger obstacle free space to attract the consumers. Due to this, these structures become challenges for 
structural engineer because large obstacle free space means less columns and greater spans which can result in a catastrophe. For 
this problem, a widely accepted concept has been introduced in the form of flat slab structures or beam less structures. These 
structures are different from conventional framed structures and slab rest on columns only. To provide extra support column heads 
are introduced. Flat slab structures can be constructed in many forms such as with or without drop panels or column heads. Using 
peripheral beams provides an extra type of the flat slabs. Stability of these structures under lateral earthquake loads should be 
checked before designing these structures.  
Gravity loads resisted by transverse system of floors and then transferred to axial framing i.e. system of columns and column heads. 
Flexure and transverse shear developed in the floor systems. Floor can be considered as a diaphragm to stiffen and connect the 
columns and vertical elements. When this type of structure suffers lateral earthquake loading, then this diaphragm acts rigid and 
transfers the loads to vertical members.  
For earthquake loading these type of structures must be analysed and designed accordingly. For analysis of earthquake force there 
are four methods which is used predominantly, Equivalent Static Analysis (ESA), Non-Linear Pushover Analysis (NLPA), 
Response Spectrum Analysis Method (RSM) and Time History Analysis (THA). Equivalent static method used when complexion 
and non-linearity is less, while push over analysis focuses on the non-linearity. But when the structure falls under the sensitive zone 
of earthquake than it is must to do dynamic analysis i.e., Response Spectrum (RSA) or Time History Analysis (THA). Present study 
deals with the dynamic analysis of flat slab building fall under the seismic sensitive zone of India. For this purpose Indian Seismic 
Design Code IS: 1893 has been used. To assess the structural performance of flat slab structures, a comprehensive comparative 
study has been done by using four different types of flat slab structures. Significance of drop panels has been considered with and 
without using the perimeter beams.  
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II. MODELLING OF STRUCUTURE  

For modelling of the building four major model are created.The considering types are as follows  
1) Model 1:  Flat slab with Drop panel and without perimeter beams. 
2) Model 2:  Flat slab with Drop panel and with perimeter beams. 

      
Fig. 1: Grid Line Plan    Fig 2: Plinth Floor Beam Plan 

                
(a) Plan      (b) 3-Dimensional Model 

Fig 3:  Model 1: Flat Slab with Drop & Without Perimeter Beam 
                                              

         
a) Plan     (b) 3-Dimensional Model 
Fig 4:  Model 2: Flat Slab with Drop & With Perimeter Beam 
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Table 1 Structural Properties                                                              Table 2 Material Properties 
 

 
 
 
 
 
 
 
 
 
 
 

 

III. RESULT AND DICUSSION 
Based on the modelling and Analysis on CSI ETABS software the following results are evaluated which are shown in tabulated and 
graphical forms. 
 
A.  Storey Displacement 
Deflection of the stories from the initial position is termed as storey displacements and its maximum value is obtained at the top 
storey. The values obtained from the analysis have been shown in table 3 while graphical representation is described in fig 5. 

 
Table 3 : Story Displacement results  

Story Model-1 Model-2 
(mm) (mm) 

Base 0 0 
Plinth 0.9 0.93 

Ground 8.87 8.88 
G+1 19.68 19.28 
G+2 30.76 29.8 
G+3 41.02 39.47 
G+4 49.86 47.81 
G+5 56.92 54.47 
G+6 62.08 59.33 
G+7 65.89 62.48 
G+8 68.29 64.29 

 

Material Properties  
S. 

No. Types of material 
Dimensions / 

comments 

1 
Concrete ( beam & 

column) M-25 
2 Concrete ( Slab) M-25 
3 grade of rebar (R/F) HYSD-500 
4 ACC Block 650 kg/m3 

Structural Properties 
S.No. Descriptions Of Parameters Dimensions  

1 Structure type 
Rigid frame with 
flat slab 

2 No of storey /total height G+8/ 32 m. 
3 Plan area 37.50 m x 37.50 m 
4 Column size 750 mm x 750 mm 
5 Perimeter beam size 500 mm x 700 mm 
6 Plinth beam size 400 mm x 600 mm 
7 Slab  thickness 260 mm 
8 Size of drop 3.00 m x 3.00 m  

9 
Thickness of drop (without 
slab) 

75 mm 

10 Overall thickness 335 mm 

11 
Spacing in grid in x –
direction 7.50 m. c/c 

12 
Spacing in grid in y –
direction 7.50 m. c/c 

13 Individual storey height 4.0 m. 
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Fig. 5: Curve between storeys Displacement vs. no of storey 

 
B. Storey Shear 
In a building the seismic force is applied at each floor level then is termed as storey shear. Generally it is combination of deal load 
of structure and some part of live load of each floor level. The values obtained from the analysis have been shown in table 4.while 
graphical representation is described in fig 6. 

Table 4 : Story Shear Result 
Story Model-1 Model-2 

  (KN) (KN) 
Base 0 0 
Plinth 5408.73 5855.13 

Ground 5327.51 5797.58 
G+1 4848.34 5291.05 
G+2 4285.71 4608 
G+3 3682.8 4052.52 
G+4 3175.23 3412.47 
G+5 2541.1 2764.53 
G+6 2014.97 2156.92 
G+7 1458.14 1591.18 
G+8 932.39 937.68 

   

       
Fig. 6: Story Shear Result a) Curve between storey shear vs. no of storey b) Bar chart of storey shear 
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C. Base Moments 
Moments at the base of the structure is termed as base moments. It depends on the magnitude of lateral forces and dead weight of 
the structure. For this study fast non linear analysis method of time history functions has been used. Based on this results are shown 
in table in X and Y direction. A bar chart representation of table 5 is shown in fig 7 below. 
                                                                

Table 5: Base moment Result 
Storey TH-X TH-Y 

  (KN.m) (KN.m) 
Model-1 112945 112945 
Model-2 123610 123610 

 
 

 
Fig. 7: Bar chart represent of base moment  

 
D. Base Shear 
Shear reaction forces at the base of structure due to lateral and gravity loads are termed as base shear. Base shear is used as designed 
forces, which means lower the base shear more economical the structure. Table 6 shows the Base shear for time history function 
maximum and minimum value. 
 

Table 6: Base Shear Result 
Base Shear 

Storey TH-Xmax TH-Xmin TH-Ymax TH-Ymin 
  (kN) (kN) (kN) (kN) 

Model-1 5429.83 3986.45 5429.83 3986.45 
Model-2 5855.13 4373.23 5855.13 4373.23 
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Fig. 8: Bar chart represent of base shear 

E. Time History Curve 
It is curve to show the performance of a building with respect to time periods. The figure 9 & 10 represents the curve of different 
models which model 1 and model 2 in x and y direction. The curve is platted in between pseudo spectrum acceleration vs Time 
periods.   

        
Fig 9:  Model 1: Time History Curve for Model-1 in X Direction & Y direction (TH X & TH Y)      

        
Fig 10:  Model 2 History Curve for Model-2 in X Direction & Y direction (TH X & TH Y)    
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IV. CONCLUSIONS 
On The basis of above study on behavior of structural response of flat slab building under earthquake load by fast non-linear 
analysis for four different structures i.e. Model 1: Flat slab structure with drop panels and without perimeter beams, Model 2: Flat 
slab structure with drop panels and with perimeter beams; following results are concluded. 

A. There is decrement in the displacement of 5.85% in model 2 with respect to model 1. The increment is 0.1 to 5.85% show 
throughout the ground to G+8 storey in model 2 with reference to model 1. 

B. The basement moment value is increases 9.44 % in both TH-X & TH-Y directions in model 2 with respect to model 1. 
C. The increment in the base shear value is observed in model 2 due to introduce of perimeter beam in it. The maximum increment 

is 7.83% in model 2 with respect to model1. 
D. The stability is increases in model 2 as compare to model1. 
E. The storey shear value will be observed more in model 2 which is avg. 7.67% for all storey level. 
F. The dead load also increases the due to perimeter beam is placing in model 2 but the lateral effect capacity increases. 
G. The time history curve show that peak acceleration will be decreases in model 2 and the effect is vary with variation in time 

period. So overall model 2 i.e. flat slab with perimeter used in the lateral stability under earthquake response. 
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